Introduction
Despite advances in newborn intensive care, bacterial meningitis is a serious disease. Escherichia coli (E. coli) is the second most common pathogen for neonatal meningitis, after group B Streptococcus. Neonates with E. coli meningitis require treatment with parenteral antibiotics for 14 days after sterilization of cerebrospinal fluid (CSF), or for 21 days in total, whichever is longer [1] . However, meningitis may recur in very rare situations, for example, in cases with anatomic defects or immune deficiency.
Here, we report the case of a preterm infant who developed recurrent E. coli meningitis 10 days after cessation of a first round of 21 day antibiotic therapy. At the time of recurrence, the patient presented with clinical features suggestive of myocarditis concomitant with meningitis; also, co-infection with echovirus 18 was identified, suggesting a contribution to recurrence.
Methods
Isolates were subjected to antimicrobial susceptibility tests using the disk diffusion method. Two E. coli strains were isolated, and genomic DNA was analyzed using the MiSeq System (Illumina Inc.). Drug-resistant genotype, serotype, multilocus sequence type, and virulence genes were identified by comparison with databases at the Center for Genomic Epidemiology (www.genomicepidemiology.org).
Informed consent to publish was obtained from the patient's guardian.
Case
A male infant was born by vaginal delivery at 33 weeks of gestation (birthweight, 2190 g) after premature rupture of the membrane. The patient's mother suffered from intrapartum fever and was treated with ampicillin (ABPC) before delivery. The patient was asphyxiated at birth with Apgar scores 3 and 3 at 1 and 5 min, respectively, and required resuscitation with endotracheal intubation. Laboratory data revealed leukopenia and elevated C-reactive protein (CRP) levels (Table 1) . CSF analysis revealed mild pleocytosis with elevated protein levels. Treatment with ABPC and cefotaxime (CTX) was initiated under a tentative diagnosis of sepsis (Fig. 1) . On the next day, E. coli was isolated from blood and CSF samples obtained at birth. The strain was resistant to ABPC and CTX but susceptible to meropenem (MEPM) ( Table 1) . Based on the susceptibility test results and the poor response to initial treatment, we substituted ABPC and CTX with MEPM (100 mg/kg/day, divided into three doses). Thereafter, the patient's respiratory condition improved gradually. The patient received MEPM for 21 days. Blood cultures on Days 2, 7, and 16, and CSF cultures on Days 7 and 16, were all negative. Cranial magnetic resonance imaging (MRI) on Day 31 showed no abnormality.
On Day 32 (10 days after discontinuation of MEPM), the patient suddenly became drowsy, with marked tachycardia (200-250 beats/ min). Laboratory data revealed leukopenia and elevated serum CRP, creatinine kinase (MB-isozyme) and troponin-T levels. Notably, echocardiography revealed a dilated and severely hypokinetic left ventricle (ejection fraction, 15%), which was not observed during the first episode ( Fig. 1) . We initiated inotrope therapy, and the response was good. E. coli was again isolated from the blood and CSF. The patient received MEPM and vancomycin for 33 days, and moxifloxacin for 28 days. The patient was discharged at 10 months of age with a diffuse brain abnormality on MRI. Severe neurologic sequelae at discharge included neurodevelopmental delay and bilateral hearing impairment. The patient has suffered no recurrence of infection for more than 3 months and has regained normal left ventricular function without medication.
Susceptibility testing of the two isolates at 0 and 32 days of age revealed identical drug-resistant phenotypes. The two isolates also shared identical genetic sequences (O11;H18 serotype, sequence type 69), and drug-resistant genotype (aac(3)-IId, strA/B, aph(3)-Ia, aadA5, bla CMY-2 , bla TEM-1 , mph(A), tetB, and dfrA17).
We next examined the conditions underlying the recurrent meningitis. No anatomic defects were detected by cranial and spinal MRI. Screening tests for primary immunodeficiency (serum immunoglobulin and complement levels, lymphocyte surface markers, lymphocyte proliferative response to phytohemagglutinin, and neutrophil function tests) were all normal range for his age. Trough concentrations of MEPM in the CSF were 7.3, 15.0, and 2.6 μg/ml on Days 42, 51, and 63, respectively. Viral culture of the stool, urine, and throat swab was obtained on Day 32 for a differential diagnosis of sudden cardiac dysfunction. The stool culture yielded echovirus 18. A serological neutralization test for echovirus 18 was negative on Day 33, but persistently positive from 2 weeks later, suggesting that echovirus 18 was the pathogen responsible for the patient's recurrent illness.
Discussion
We present a rare case of recurrent E. coli meningitis in a preterm infant. The strains harbored several drug-resistant genes. Among them, bla CMY-2 was of greatest importance because this AmpC β-lactamase confers resistance to penicillins, cephamycins, and third-generation cephalosporins [2] , which are the first-line treatment in neonates with invasive bacterial infections. However, the isolates were susceptible to carbapenems, and trough CSF concentrations of MEPM were adequate and above the minimum inhibitory concentrations. The patient showed a good clinical response to MEPM, with no signs of chronic parameningeal infection detected by cranial MRI after discontinuation of the first course of treatment.
We thoroughly investigated the specific risk factors for recurrence, but identified no anatomical abnormalities or immunodeficiency in the patient. Nonetheless, there are two possible reasons for recurrence: one is related to virulence factors expressed by E.coli stains and the other is co-infection of echovirus. Sequence type 69 strain is an extra-intestinal pathogenic E.coli (ExPEC). Most ExPEC express multiple virulence factors, which could allow the microbes to survive in the patient's CSF [3] despite administration of the standard treatment during the first course. There is a possibility that the infection was not eradicated upon completion of the initial 21 day treatment.
Notably, serological assays and viral culture identified co-infection with echovirus 18. The presentation at the time of recurrence was fulminant, with severe cardiogenic shock due to myocarditis. Echovirus infections can cause myocarditis. We speculated that echovirus infection was not the sole co-infection, but might have contributed to recurrence of meningitis. Surveillance stool culture on Day 29 yielded Gram-negative bacilli; unfortunately, we were unable to determine whether this strain was identical to the isolates responsible for meningitis. Gastroenteritis or ischemia due to cardiogenic shock caused intestinal mucosal damage might be sufficient to allow bacterial translocation, leading to bacteremia and meningitis. Some case reports describe secondary bacteremia following viral infection [4] and suggest a similar pathogenesis. A recent study indicates that co-infection with enterovirus and E. coli is common in very young infants, and that existence of viral infection might go unnoticed [5] . Recurrence occurred during the in-patient course; none of the family members or the medical staff showed symptoms suggestive of viral infection. Thus, the route of the infection was not identified.
Here, we present a rare case of recurrent E. coli meningitis in a preterm infant, which may be due to co-infection with echovirus.
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